Despite the large number of techniques and applications in the field of image segmentation, it is still an open research field. A recent trend in image segmentation is the usage of graph theory. This work proposes an approach which combines community detection in multiplex networks, in which a layer represents a certain image feature, with super pixels. There are approaches for the segmentation of images of good quality that use a single feature or the combination of several features of the image forming a single graph for the detection of communities and the segmentation. However, with the use of multiplex networks it is possible to use more than one image feature without the need for mathematical operations that can lead to the loss of information of the image features during the generation of the graphs. Through the related experiments, presented in this work, it is possible to identify that such method can offer quality and robust segmentations.
INTRODUCTION
Image segmentation is one of the most important techniques used in Digital Image Processing to extract information from an image. It allows to decompose the image into two or more parts (regions or objects) [1] , and it allows to extract information that can be used in subsequent processes of computational vision. Among the various applications we can mention: diseases diagnoses, allowing the identification of anomalies and the measurement of tissues, recognition of individuals, identification of several objects and industrial analysis.
Despite the large number of existing techniques, digital image segmentation is still an open field, due to the subjectivity and complexity of subdividing of the image into the most diverse scenarios and purposes. Techniques of image segmentation can use a variety of strategies and features, or a combination of them to achieve the goal, which is a correct segmentation.
Some common features in carrying out the segmentation are: intensity values of luminance and chrominance, textures and morphological forms. The known segmentation strategies come mainly from the methods of point, line and edge detection, thresholding, and region-based techniques [1] . The segmentation of images may be slow, depending on the computational resources, method and resolution used.
Several works, [2] , [3] , [4] , [5] , [6] , [7] , use graphs to represent the elements of an image to perform the segmentation process. Once the graphs can represent any discrete data, model relationships and use several functions with combinatorial optimization, making feasible the construction of widely efficient solutions [8] . An approach that has emerged in this context is the modelling of an image as a graph, for further segmentation through community detection algorithms, which generally use algorithms such as Efficient Label Propagation [9] [10] [11] , Fast Greedy [12] [13] and Louvain Method [14] . Such an approach is directly related to the area of complex networks.
Through more detailed studies of the concepts of complex networks it is possible to identify a modality that has been explored to improve the analysis of the different types of networks, which are the networks of multiple layers. They have become promising because they allow the analysis of networks with multiple resolutions that vary over time, multiplex networks and hybrid networks with the characteristics presented [15] [16] . These networks allow to assign a greater number of relevant features to the context in the formation of the communities, seeking to offer greater precision in the various applications.
The studies of the multilayer networks are not recent, but they were stagnant and have now been resumed becoming one of the main research topics of the network science. Over the years, monoplex networks have been extensively explored and today researchers are seeking to extend and generalize their various features and functions for multilayer networks. However, such extensions and generalizations are not simple given that new phenomena arise given the new peculiarities.
The detection of communities in multilayer networks is already something more recent and does not yet have several concrete concepts, even the concept of degree that is somewhat trivial in single-layer networks, does not yet have a well-defined generalization in the multilayer structure. There are extremely rare researches that address segmentation of digital images in the context of multilayer networks or multiplex networks, reflecting the difficulty of generalizing certain trivial concepts in the area of complex networks.
Hu et al. in [7] present a proposal of image segmentation using community detection in multilayer networks based on the modularity measure presented by Mucha et al. in [15] . However, the authors have identified that the computational cost and the analysis and characterization of the performance of the modularity optimization for such application is still a challenge.
This work seeks to broaden the segmentation quality observed in previous research, extending the proposal for the use of multilayer networks of multiplex characteristics for the segmentation of images, in which each layer will use different features, being able to relate values of intensity of luminance, chrominance and simple characteristics of the regions of the images. Finally, an image segmentation method is presented, with pre-segmented images through super pixels, through the decomposition of the image into several features (luminance, chrominance and histograms), modelling it through algorithms of multiplex networks to images represented as graphs, with reasonable processing time and with high precision.
As a main contribution of this work it is possible to quote the organization of an approach that initially contemplates the use of several features of the images in specific networks to allow the generation of specific communities for the accomplishment of segmentation of images through the detection of communities. Where such an approach provides a performance that enables its application in large synthetic and real images.
This article is organized as follows: Related work is presented in Section 2. The methodology is presented in Section 3. Results and discussion are in Section 4. Finally, conclusions are addressed in Section 5.
RELATED WORK
Browet et al. [14] present a technique based on graphs to detect segments or contours of objects in a given image. The algorithm is based on an approximation of the Louvain method (community detection algorithm) that deploys the community structures in a large graph. However, the optimal definition of a contour requires adjustment of parameters depending on the user or the application. The obtained communities are hierarchical, allowing to find sub-regions within an object. Through the realized experiments it is possible to observe that the technique avoids over segmentation through a weighted modularity scheme. The technique has a good performance of time and quality, but initially it only acts in grayscale images and it has clear dependence of parameters for the diverse applications.
However, Linares et al. [17] presented a new approach to segmentation of high-resolution images through the use of community detection and super pixels, reaching, through this combination, precision and a low processing time in the segmentation. For the detection of communities, the Fast Greedy algorithm was used and for the generation of super pixels, the Speeded-up Turbo Pixels. However, the graph used to generate community detection was obtained by sum of the Euclidean distance of the three CIELAB channels.
As presented in the introduction, Hu et al. in [7] present a technique based on multilayer networks for the segmentation of images. The algorithm of community detection has the modularity based on the generalization presented by Mucha et al. in [15] and is presented in equation (1), below:
However, for the authors, an obstacle identified in the application of the technique was the computational performance, since each pixel was represented in the graph as a vertex.
METHODOLOGY
The diagram of Figure 1 generally illustrates the proposed method of segmentation through community detection algorithms in Multiplex Network and Super Pixels. Given an input image, the pre-processing is applied by super pixels, considering several different features (intensity, color and others). Each of these features, or the super pixels that represent them, will form a layer of the network. After the generation of multiple graphs, the vertices are connected between the graphs, forming a multiplex network. The final segmentation is obtained by means of a community detection algorithm on the multilayer network that represents the image 
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Proposed method of Image Segmentation by Means of Community Detection Algorithms in Multiplex Network and Super Pixels

REATION OF SUPER PIXELS
When receiving an original image this step consists of obtaining the super pixels of an based on the various features of the image, in this step the main challenge is to obtain an algorithm extremely fast and effective in relation to the quality of pre-segmentation. The algorithm of generation of super pixels used was the Speeded-up Turbo Pixels [6] , because it presents a good performance of time and quality in the pre-segmentation defined. The parameters used were the same ones observed in other studies [6] [17], among them: the size of super pixels, 10 X 10; number of iterations = 6 and the parameters λ1 = 1 and λ2 = 0.9. processing is applied by super pixels, considering several different features (intensity, color and others). Each of these features, or the super pixels that represent them, will form a layer r the generation of multiple graphs, the vertices are connected between the graphs, forming a multiplex network. The final segmentation is obtained by means of a When receiving an original image this step consists of obtaining the super pixels of an image based on the various features of the image, in this step the main challenge is to obtain an segmentation. The bo Pixels [6] , because it segmentation defined. The parameters used were the same ones observed in other studies [6] [17], among them: the size of super pixels, However, it should be emphasized that the size of the super pixel influences the execution time of this stage and the quality of the segmentation, for images with different resolutions it is necessary to revise these parameters. Based on the super pixels, it is possible to generate the graphs that will compose the layers of the multilayer network, the methodology of connecting the vertices of such graphs is presented in the next section.
GRAPH GENERATION
In the creation of the multiple graphs it is essential to emphasize that it is composed of vertices obtained through the super pixels, which can be represented, for example, through the medium intensity, the average of each channel for the various LBP (Local Binary Pattern) color models and histograms for textures, among others. Already the edges are obtained by calculating the weight of a given property of two vertices of the graph. Therefore, if the weight between two vertices is less than a threshold t, a connection is established, where t can be modified based on the similarities of the pixels.
For all features the weight function can be defined by equation (2):
in which, Ii offers for example the average intensity of the super pixel i.
The threshold t is relative to the characteristics of the images. When it has a very high value, such a threshold can generate communities with mixed image regions. When it has a very low value, such threshold can generate over-segmentation in the image. Therefore, an adaptive threshold will be useful and adequate, consisting of the following steps for each super pixel:
1. Initially, a low threshold is displayed; if the super pixel has no connection, go to step 2; 2. The threshold is incremented, if the super pixel has no connection, repeat step 2 until the vertex has at least one connection.
To avoid the connection of super pixels very far, a radius = 5 (super pixels) will be applied, as observed in literature [17] . The Figure 2 illustrates the use of the radius in the proposed method. For each defined feature will be generated a graph with vertices based on their respective super pixels. Since a multiplex network is created, all the vertices of one layer will be connected with the corresponding vertices of the other layers. Figure 2 . Pre-segmented image with super pixels illustrating a radius in which the super pixels will make connections in the creation of a graph
The creation of the graphs was implemented using the Igraph library in Language C. The process of image segmentation by community detection is presented in the next section and uses the graph for community detection.
IMAGE SEGMENTATION BY DETECTION OF COMMUNITIES
The proposed community detection process is based on the exploration of the most consolidated multilayer network algorithms in the literature and implemented in the MuxViz tool [18] . Among the algorithms used are the multiplex Infomap and the Louvain. The Louvain algorithms used adjacency sums to allow analysis of a multiplex network. Based on the communities generated by the MuxViz tool using the mentioned algorithms, the super pixels of the same community are united generating the segmentation of the image. These experiments aim to present the characteristics of the segmentation based on the proposed method exploring two algorithms of detection of different communities, Infomap and Louvain
EXPERIMENTAL RESULTS AND COMPARISONS
The results of two experiments for the analysis of the proposed method are presented below. All experiments were performed on an Intel Core i7 2.9 GHz computer with 4 GB RAM and the Ubuntu/Linux Desktop Operating Systems 64 bits 12.10 and Linux Mint 18.2 64 bits (Detection Communities).
EXPERIMENT A: SEGMENTATION OF REAL IMAGES WITH INFOMAP (MULTIPLEX NETWORKS) AND LOUVAIN (MULTIPLEX NETWORKS)
In this experiment, image segmentation based on a real image randomly selected from the Berkeley image database is being compared. In order to observe the segmentation characteristics in each algorithm for real images. The time of realization of each algorithm is also observed. It is important to emphasize that the generation of the detection of the communities was using the MuxViz tool and the features used as each layer of the graph were the CIELAB color channels and the histogram of the image. As can be observed in Figure 3 , the segmentations performed by the Informap method have several over segmentations and the changes are very sensitive, since the method based on the Louvain algorithm is more robust and does not present over segmentation and is also faster to execute. The Infomap algorithm takes about 0.5 seconds longer than the Louvain method, which consumes about 2 seconds, the time was not accounted for more precisely because it was not listed as an improvement factor proposed in this work. However, it is expected that the more communities the algorithm generates, the longer the processing time of the method, since the creation of more segments takes longer to process the output, the segmented image.
EXPERIMENT B: QUALITATIVE ANALYSIS OF IMAGE SEGMENTATION
Considering the Berkeley image database and the segmentations presented in the human segmentation benchmark of this database, a comparison of the segmentations performed for a quick quality comparison is presented, as for each image there are several segmentations in this work, we present only the segmentation with the number of segments similar to the one returned in experiment A.
The segmentation that most approached the segmentation based on the Infomap algorithm was the segmentation of the image in 11 communities. The segmentation that most approached the Louvain method was the segmentation of image with 3 communities.
As can be observed in Figures 4 and 5 , where the green lines represent the segmented regions, although both segmentations did not obtain the same results, both segmentations are close to the benchmark used, especially the segmentation performed by the Louvain method. However, common subjectivity must be considered in segmentation tasks that vary widely by observer. But it should be added that rapid post-processing actions can still be implemented to minimize over segmentations in algorithms that provide outputs with these characteristics.
CONCLUSIONS
This work presents a useful method based on multiplex network and super pixels for the segmentation of images. Initial results provide quality segmentation. This method is also robust because it depends on specific parameters only in the pre-segmentation phase. It is interesting to note that such a method can act with several image features without the need of performing mathematical operations that can lead to the loss of feature information during the generation of graphs. However, issues related to the other properties that can be used deserve further investigation.
With the emergence of new generalizations in the area of multilayer networks it is interesting to review the algorithms used, since they can allow greater versatility and new adaptations in the method of segmentation of images. As future works, it is expected that multiplex networks will be replaced by multilayer networks with different super pixel sizes for each layer (property).
